Electrically conductive stainless steel wire and synthetic polyester filament are selected as the materials for this study. Composite wrapped yarns and composite woven fabrics are successfully manufactured by * wrapping and weaving processes. The breaking strength, tenacity, elongation and work of composite wrapped yarns exhibit the optimum value at 7-D, 7-S, 14-S and 14-D, which the corresponding value are 149.3(N), 1.6(cN/dtex), 19.5(%) and 46.7(N*cm), respectively. The surface resistivity of 4 composite woven fabrics presents similar results with various weft yarns that are composed of various wrapped counts and wrapped layers. Electromagnetic shielding effectiveness (EMSE) of composite woven fabric, which varied laminated angles and laminated numbers, significantly reveal different results. The EMSE of composite woven fabrics is considerably enhanced after varying laminated angles of 45° or 90° and laminated numbers, and that of composite woven fabric (14-D-W) with a laminated angle of 90°and a laminated number 3 shows the optimum value -46 dB at 2450 MHz.
INTRODUCTION
Electromagnetic fields exist in nature and are thus present on earth. However, with the rapid growth of advanced technology, people are exposed to an environment that comprises electromagnetic waves emitting from electrical devices, such as laptops, mobile phones, televisions and wireless systems 1 Therefore, people start to pay attention to the issue of electromagnetic interference (EMI) 2-5 and how to shield electromagnetic waves, thereby preventing people from getting sick and keeping their bodies healthy. Various types of products are used to shield and attenuate electromagnetic waves, such as shells, plates, boards and textiles. Moreover, textiles, which have an abundance of advantages, including being light weight, having elasticity, being soft, having corrosion resistance, being reasonable cost and feeling comfortable, are preferred by shielding applications 6. In this study, electrically conductive stainless steel (SS) wires and synthetic insulating polyester (PET) filaments are chosen as the core and wrapped materials to manufacture electromagnetic shielding textiles. The aim of study is to scale up the production of electromagnetic shielding textiles that can be practically and broadly applied in civil, industry and military fields.
EXPERIMENTAL Materials
Polyester (PET) filaments (Yi Jiun Industrial Co., Ltd., Taiwan, R.O.C.) has a fineness of 75 D and a breaking strength of 315.55 cN with a breaking strength of 18.39 % elongation. 316L stainless steel wire (Yuen Neng Co., Ltd., Taiwan, R.O.C.) is an electrically conductive material, which has a diameter of 0.08mm with a 37.07 % elongation. Both materials are selected as raw materials that have been widely used in civil applications. 7-S, 7-D, 14-S and 14-D are the composite wrapped yarns with different number of wrap counts and wrapped layers, where the numbers refer to 7 or 14 turns per centimeter also are identified as wrapped counts while S is identified as a single-wrapped layer and D as double-wrapped layers.
Characteristics of Composite Woven Fabrics
The structure of woven fabric is a plain weaving type that possesses many advantages, such as having stable formation, a dense structure, an even surface and being less subject to shrinkage. A 1000 D high-strength polyester filament is selected as warp yarn, and 7-S, 7-D, 14-S and 14-D serve as weft yarns, respectively. Characteristics of 4 composite woven fabrics are listed in Table 1 , and stereomicroscopic images of those fabrics are shown in Figure 1 . 
Tensile Properties of Composite Wrapped Yarns
Breaking strength, tenacity, elongation and work of composite wrapped yarns are evaluated with an automatic yarn tester (FPA/M, Statimat-M, Textechno Ltd, Western-Germany) and in accordance with ASTM D 2256. The gauge distance is 250mm, the rate is 300mm/ min and the test number of sample is 20. After the tensile test, the average and standard deviation are calculated for precise data analysis.
Surface Resistivity of Composite Woven Fabrics
A surface resistivity test instrument (RT-100, OHM-STAT, Static Solutions Inc., USA) is used to measure the surface resistivity of composite woven fabrics in accordance with JIS L 1094.
Electromagnetic Shielding Effectiveness of Composite Woven Fabrics
Electromagnetic shielding effectiveness of composite woven fabrics is evaluated with a shielding effectiveness test fixture (E-Instrument Tech Ltd., Taiwan, R.O.C.) and a spectrum analyzer (Advantest R3132A, Burgeon Instrument Co., Ltd., Taiwan, R.O.C.) via a coaxial transmission line method. The test is in accordance with ASTM 4935-10, and 2450 MHz, which is chosen as the specified incident frequency for common uses on wifi.
RESULTS AND DISCUSSION

Tensile Properties of Wrapped Yarns
The breaking strength, tenacity, work of rupture and elongation of 4 composite wrapped yarns are clearly shown in Table 2 . Table 2 shows that 7-D has the optimal braking strength when compared to other 3 composite wrapped yarns, indicating that the wrapped yarns can bear the maximum axial force against an external force, which the cohesion among the PET filaments and SS wire is fully elaborated during the wrapping process. In addition, the tenacity of 4 composite wrapped yarns has a decreasing tendency with an increasing wrapped counts and numbers of wrapped layers from 7 to 14 and single to double, respectively. It is known that when the composite wrapped yarns have a low wrapped count leads to high axial force duration because the angle (θ) between the yarn and axial direction is narrowed, and this also enhances the ability to bear axial stress. Work of rupture of composite wrapped yarns can be identified as the energy of yarns to withstand the external fracture or breaking force. The ability to resist the outer rupture of 14-D is the weakest one among all the composite wrapped yarns, which is led by the over-twisting wrapped yarns that are incapable of bearing tensile strength. A higher wrapped count means more sheath materials of composite wrapped yarns, which has a positive feedback that can improve the prolongation of yarns. In addition, double wrapped layer leads to a higher elongation of wrapped yarns with a comparison of 7-S and 7-D, and the latter one performs the optimal extension range of composite wrapped yarns. Theoretically speaking, 14-D should have the optimal ability to extend the yarns. However 14-D has the lowest elongation of 21.83 %, which is led by a high wrapped count that prevents the yarns from slipping. 
Surface Resistivity of Composite Woven Fabrics
7-S-W, 7-D-W, 14-S-W and 14-D-W are constructed with 1000D PET as warp yarn and 7-S, 7-D, 14-S and 14-D as weft yarn, respectively. Surface resistivity of 4 composite woven fabrics is mainly provided from the weft yarn, as the weft yarns are composed of electrically conductive SS wire and insulating PET filaments. From Table 3 , it is clearly known that woven fabrics with high wrapped counts (14-S-W and 14-D-W) have slightly higher surface resistivity, which is because the extent of insulating PET filament is higher than those fabrics with lower wrapped counts (7-S-W and 7-D-W). 
Electromagnetic Shielding Effectiveness of Composite Woven Fabrics
Electromagnetic shielding effectiveness of 4 composite woven fabrics with different laminated angles, including 0°, 45° and 90° and laminated layers varying from 1 to 3 layers, are shown in Figure 2 . The captions in Figure 2 Although 7-D and 14-D have double the content of SS wire in comparison with 7-S and 7-D. This is an incomplete shielding network containing a unidirectional barrier that cannot prevent electromagnetic waves from transmitting and attenuating the energy of electromagnetic waves. After varying laminated numbers from 1 to 3, the EMSE of 4 composite woven fabrics indicated in Figure 2 (b) exhibits a similar tendency found in Figure 2(a) . Therefore, the laminated angles are changed into 45° and 90° to improve the shielding effectiveness of composite woven fabrics. It is clear that the shielding effectiveness of 4 composite woven fabrics is enhanced when laminating angle changed and the laminated number increased led by the formation of complete shielding network. From Figure 2 (c) and Figure 2(d) , the average EMSE of them reach -30 dB and -40 dB, respectively. In addition, the shielding network formed by 90° is more complete than that by 45°, which leads to a better EMSE as indicated in Figure 2 (c) and Figure 2(d) . Moreover, the EMSE of composite woven fabrics increases as the laminated layer increases, which is caused by the increasing content of SS wire that can attenuate the energy of electromagnetic wave during the incidence and transmission of the electromagnetic wave in the shield, and the EMSE of composite woven fabrics performs the optimum value -46 dB at the arrangement of 90-3. 
CONCLUSION
This study successfully used SS wire and PET filaments to manufacture composite wrapped yarns and composite woven fabrics. The tensile properties of composite wrapped yarns can be enhanced via adjusting and designing the wrapped counts and wrapped layers. Lower wrapped counts have a better performance on tenacity 1.6 (cN/dtex) and breaking strength 149.3(N) and tenacity. The EMSE of composite woven fabrics enhance as the laminated angles changes and laminated layers increase, and composite woven fabric (14-D-W) performs the optimum value -46 dB at 2450 MHz. The electromagnetic shielding textiles are expected to scale up the production and can be practically and broadly applied in civil, industry and military applications.
